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ABSTRACT

Field studies were conducted during 2015 and 2016 cotton growing seasons, at AbouElmatameer, El-Behira Governorate
to evaluate certain insecticide sequences in controlling two cotton bollworms pink bollworm (PBW), Pectinophora gossypiella,
(Saund) and spiny bollworm (SPW), Earias insulana, (Boisd.) The side effects of all insecticide sequences on the lady beetle,
Coccinella undecimpunctata was also determined. During 2015 season, sequence 2 (Dursban®, Rado-X®, Radiant®, Cothrin®)
and sequence 6 (Dursban®, Rado-X®, Radiant®, Proclaim®) achieved the highest efficacy against PBW, gave general mean
reduction percentages 81.4 and 83.5%, respectively. In season 2016, sequence 6 revealed the highest efficacy where the general
mean reduction percentage was 83.3%. Sequences 6 induced the highest reduction percentages in cotton bolls infested by SBW
in 2015 and 2016 seasons, with general mean reduction percentages 84.0 and 82.3%, respectively. Sequence 4 (Cothrin®,
Radiant®, Rado-X®, Dursban®) achieved the least efficacy against PBW and SBW in both seasons 2015 and 2016. Sequence 6
proved to be the least toxic on C. undecimpunctata. On the other hand, all other sequences were comparable in there effects on C.

undecimpunctata in both seasons.

INTRODUCTION

Cotton is grown primarily for fiber, but the seeds
provide an important source of food for livestock and
humans (Luttrell ef al., 1994). In Egypt as well as in many
countries, cotton liable to be attacked with different pests.
Among these pests, are the most injurious insects: pink
bollworm (PBW), Pectinophora gossypiella (Saund.), and
spiny bollworm (SBW), Earias insulana (Boisd), (Ahmad
et al., 2003; El-Aswad and Aly, 2007). When neglected,
these two bollworms cause enormous damage and loss,
qualitatively and quantitatively to the crop because they
attacking cotton plants during flowering as well as fruiting
stages (El-Feel et al, 1993). The production of cotton
fibers depends mainly upon the efficient control of these
insects. The control of these two insects relies mainly on
the insecticide spraying. Pyrethroid, organophosphate and
carbamate insecticide groups are commonly used for
control of both PBW and SBW in cotton fields. But, the
development of resistant strains by these insects against
most or may be to all of these insecticide groups leads to
the continuing need for new, effective and economical
insecticides for crop protection. The phenylpyrazole
insecticide fipronil and the spinosoid insecticide
spinetoram are among the promising alternatives.

The fipronil mode of action differs from those of
any other known agents. Fipronil has been reported to
block both GABA receptors (Buckingham et al., 1994;
Hosie et al, 1995) and insect inhibitory ionotropic
glutamate receptors (Raymond et al, 2000). Spinetoram
interacts with both y-aminobutyric acid receptors and
nicotinic acetylcholine receptors in a manner distinct from
the interactions by other insecticides (Watson, 2001). It has
recorded that fipronil and spinetoram achieved a good
insecticidal  activity  against  lepidopteran  insects
(Mulrooney, 2002; Kirst, 2010; Barrania et al., 2016). But,
the success of cotton bollworm control programs relies
mainly on the spraying insecticides belonging to different
chemical families in a certain rotation. Also, the
development of insecticide resistance may be reduced, by
selecting products from different chemical families for an
insecticide rotation program. So, the main purpose of this
study was to incorporate fipronil in a suitable insecticide

sequence, which gives a highest protection for cotton bolls
against the infestation by the PBW and SBW. The side
effects of these insecticide sequences on the lady beetle C.
undecimpunctata were also determined.

MATERIALS AND METHODS

Insecticides:

Fipronil (Rado-X" 80%WG), used at 40 gm / fed.,
was produced by Jiangsu Tuoqiu Agrochemical Co.
Spinetoram (Radiant® 12%SC), used at 100 ml / fed.,
Spinosad (Tracer® 24%SC), used at 100 ml / fed., and
chlorpyrifos (Dursban® 48% EC), used at 1 liter / fed.,
were produced by Dow Agrosciences Co. Deltamethrin
(Cothrin® 10% EC), supplied by KZ company, was used at
the rate of 500 ml / fed. Emamectin benzoate (Proclaim
5%SG), used at 60 gm / fed., was supplied by Syngenta.
Field trials and the experimental design:

Two field experiments were carried out during
2015 and 2016 summer seasons at AbouElmatameer,
El-Behira Governorate. Cotton variety Giza 86 was
cultivated at April 26, and April 30, during 2015 and
2016 seasons, respectively. All cultural practices were
carried out according to “good agricultural practice”.
All treatments in addition to control were assigned to
plots in a randomized complete block design with four
replicates (each was 84 m’ in area). Plots have been
separated from each by unplanted rows. Six insecticide
sequences were arranged as presented in Table 1.

Table 1. Insecticide sequences used in 2015 and 2016
seasons

Insecticides
1" spray 2" spray 3" spray 4" spray

No. sequence

Sequence I  Rado-X" Cothrin” Dursban” Radiant”
Sequence 2 Dursban™ Rado-X® Radiant® Cothrin®
Sequence 3 Radiant” Dursban® Cothrin® Rado-X"
Sequence 4  Cothrin® Radiant® Rado-X® Dursban®
Sequence 5  Rado-X"* Cothrin® Tracer® Dursban®
Sequence 6  Dursban” Rado-X" Radiant® Proclaim®

Insecticide applications were carried out using
Knapsack sprayer equipment (CP3) at the rate of 200 liter
per fed. Spraying took place at July 16 and August 1, 15 &
30, during 2015 cotton season and July 17 and August 1,
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16 & 30, during cotton season 2016, respectively.
Percentages of the two bollworm (PBW and SBW)
infestations, each alone, were assessed according to the
technique of El-Heneidy et al. (1987). Fifty green bolls
were collected from each replicate (200 bolls from each
treatment) at random from diagonals, where the counting
was carried out before insecticides application and seven,
and fourteen days after each spray. Boll samples were
transferred to the laboratory, dissected and checked both
externally and internally, and then percentages of boll
infestations by PBW and that by SBW were calculated. At
the same time, number of lady beetle was counted on ten
cotton plants. The reduction percentages of PBW or SBW
infestations which achieved by the treatments and the side
effects on lady beetle were calculated according to
Henderson and Tilton equation (1955). Data was presented
as a mean for each insecticide spray and a general mean for
each insecticides sequence. Means were compared for
significance using analysis of variance (ANOVA) test
(LSD at P <0.05) (SAS Statistical software, 1999).

RESULTS

Efficiency of the tested insecticide sequences against
PBW:

Results shown in Tables (2 and 3) revealed that, all
insecticide sequences achieved considerable reduction
percentages of cotton bolls infested by PBW during the
two seasons. During 2015 season, sequence 2 (Dursban”,
Rado-X", Radiant”, Cothrin™) and sequence 6 (Dursban®,
Rado-X®, Radiant®, Proclaim®) achieved the highest
efficacy, gave the following reduction percentages (77.5,
85.8, 83.5 and 78.7%) with general mean 81.4 and (78.5,
86.8, 83.8, 84.7) with general mean 83.5, respectively.
Sequence 4 (Cothrin®, Radiant®, Rado-X®, Dursban®)
achieved the least efficacy, gave the following reduction
percentages (71.5, 81.5, 84.2, 77.0) with general mean
78.6, respectively (Table 2). In season 2016, sequence 6
revealed the highest efficacy where the reduction
percentages were 76.8, 87.8, 83.2 and 85.4 with general
mean 83.3 (Table 3).

Table 2. Efficacy of field application of different insecticide regimens on the cotton bolls infestation by P.

gossypiella (season 2015)

% Reduction in the infestation of cotton bolls by P. gossypiella =+ SE

Treatments 1™ spray 2™ spray 3™ spray 4™ spray General mean
Sequence 1 5. 76Au3Ted 796250y Shiid . B08E3The
Sequence 2 AT, s s i%6a oYy 8l4E27ab
Sequence 3 B IS 70eTab sadiroa  T98E22bc
Sequence 4 e sielihy sad03u. POVSy,  T86=3sc
Sequence 5 0790 7500Rd 785 97b esky  T82+28¢
Sequence 6 IS L  seRiasa  gaBidsa  s4giipa  BIE3da

*Means within the same column followed by the same letters are not significantly different according to LSD at P < 0.05.

Efficiency of the tested insecticides sequences against
SBW:

According to the statistical analysis, the exhibited
data in Tables (3 and 4) demonstrated that sequences 6
induced the highest reduction percentages in cotton bolls
infested by SBW in 2015 and 2016 seasons. Sequence 6
achieved reduction percentages 74.5, 87.5, 84.5 and 89.5
with general mean 84.0 in 2015 and 71.5, 85.7, 83.4 and
88.7 with general mean 82.3 in 2016. In 2015, sequence 4
recorded the least reduction percentages in cotton bolls
infested by SBW in seasons 2015 with general mean
77.9%. In 2016, sequence 2 and 4 recorded the least

reduction percentages in cotton bolls infested by SBW with
general means 77.3 and 76.2%.

Side effects of tested insecticides sequences against C.
undecimpunctata:

Side effects of the tested insecticides sequences
against the predatory insect, C. undecimpunctata in 2015
and 2016 seasons were presented in Tables (6 and 7). It is
clear that, in both seasons, sequence 6 proved to be the
least toxic against C. undecimpunctata. On the other hand,
all other sequences were comparable in there effects
against C. undecimpunctata in both seasons. The general
mean reduction percentages of C. undecimpunctata caused
by sequence 6 were 23.2% in 2015 and 23.9% in 2016.

Table 3. Efficacy of field application of different insecticide regimens on the cotton bolls infestation by P.

gossypiella (season 2016)

Treatments

% Reduction in the infestation of cotton bolls by P. gossypiella = SE

1™ spray 2™ spray 3™ spray 4™ spray General mean
Sequence 1 et 76C.gt£rir.1; i 784 Zf%aé?ic S13LS be  T9T£28b
Sequence 2 25 Seas a2 205 4 73eYh g 803%31b
Sequence 3 Ay T YR 76000 eSSy T95E30b
Sequence 4 s d 012350 shwa7a 784 rﬁbfgid 784£2.5b
Sequence 5 S 6 2 77(.j20tih5i%%cd 81 .T6ricfr; ab 98k 80.0£31b
Sequence 6 T8I e  SrEeisa 83304 8sqidba  $33%27a

*Means within the same column followed by the same letters are not significantly different according to LSD at P < 0.05.
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Table 4. Efficacy of field application of different insecticide regimens on the cotton bolls infestation by E.
insulana (season 2015)

Treatments

% Reduction in the infestation of cotton bolls by E. insulana =+ SE

™ spray 2™ spray 3™ spray 4T spray General mean
Sequence 1 835370 T74+15c  7830%1b  Sosiiaa  826+27a
Sequence 2 BB se0iaTa shaiiua ST T96423be
Sequence 3 SelBsy  7aiabe  761092b  sediada  S16=36ab
Sequence 4 05sd grondhy  sAleisa Iy 77922
Sequence 5 S350 70 loc 856 34a  768035p  820226ab
Sequence 6 BT srSasa  shsidga  ggiise  B40%3la

*Means within the same column followed by the same letters are not significantly different according to LSD at P < 0.05

Table 5. Efficacy of field application of different insecticide regimens on the cotton bolls infestation by E.
insulana (season 2016)

% Reduction in the infestation of cotton bolls by FE. insulana + SE

Treatments ™ spray 2™ spray 3™ spray 4™ spray General mean
Sequence | N O TN TN RN
Sequence 2 0dTe  shesica  saiibsa  7ishage  T73#3Se
Sequence 3 DoiSsh  74Siahe  Tleidsb  sA6oion  783E2sbe
Sequence 4 65aa8d BaudSh 853 e9a PE . T62+28¢
Sequence e S N N 1 SR TR Y
Sequence 6 IT35e  sSyeala  shdinga  segia, 82327

*Means within the same column followed by the same letters are not significantly different according to LSD at P < 0.05.

Table 6. Side effects of different insecticide regimens on the C. undecimpunctata in cotton fields (season 2015)

% Reduction in the infestation of cotton bolls by C. undecimpunctata = SE

Treatments 1™ spray 2™ spray 3™ spray 4™ spray General mean
Sequence 1 Basile 3 1.C4Oihr11.r§bc 203330 ¢ 3§%dia§.t5 a  22%27a
Sequence 2 NCIEEIN Lyl e o eadyy  292£22a
Sequence 3 io8a  Ddas6c 304 l7b  195911g 30026
Sequence 4 390000 S, 1Ry 1X(; d SIS, 317#21a
Sequence 3 PEET6e  345il2b 3795374 2h1isne  23E26a
Sequence 6 I e d e o3 e 232+200

*Means within the same column followed by the same letters are not significantly different according to LSD at P < 0.05.

Table 7. Side effects of different insecticide regimens on the C. undecimpunctata in cotton fields (season 2016)

% Reduction in the infestation of cotton bolls by C. undecimpunctata £ SE

Treatments 1" spray 2™ spray 3™ spray 4™ spray General mean
Sequence 1 GECT7d a0eEhe ey asaudy.  284%19a
Sequence 2 BETIRe 1808 Tde  AlBiB6a 35504 14+25a
Sequence oot Dwhan o Cobn o RaleX\ s17s22a
Sequence 4 ey 4y t: a Ry 1Xg c 03Ty 309%25a
Sequence 3 oI5 ad 3TOL3Eb  306i32a  278isyp  05E28a
Sequence 6 H8TThe  15ESTee  sneuoa  1eiiBg  239+270

*Means within the same column followed by the same letters are not significantly different according to LSD at P < 0.05.

DISCUSSION

Since the cotton bollworms are almost present
during the whole cycle of cotton, it is therefore relatively
more expensive because repeated spraying is necessary.
Moreover, resistance of key insect pests to insecticides
continues to be a significant problem in cotton production

(Cook et al., 2005). For this reason, there is a greater need
to develop alternative insecticides or additional techniques,
which would allow a rational use of pesticides and
provides adequate crop protection for sustainable food,
feed and fiber production. Fipronil and spinetoram
exhibited a good efficacy when it was evaluated each alone
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against PBW and SBW (Barrania et al., 2016). But, the
success of cotton bollworm control programs relies mainly
on the spraying insecticides belonging to different
chemical families with different modes of action in a
certain rotation. Therefore, this study was carried out to
evaluate fipronil and spinetoram in different insecticide
sequences to choose the most effective on in controlling
PBW and SBW.

In the present study, the best results in controlling
PBW and SBW were obtained when the insecticide
sequence was started by the organophosphate insecticide
Dursban® followed by Rado-X® which is followed by
Radiant® which is followed by Proclaim® (sequences 6).
These results were similar to the results of Abou-Kahla et
al. (1992), who reported that good results were achieved
against the cotton bollworms by starting the insecticide
sequence with the carbamate insecticide Larvin. Also, El-
Feel et al. (1993) reported that thiodicarb and methomyl can
provide a good tool to prevent the building-up of the PBW
population at the early season. It is also recorded that,
starting the insecticide program by the organophosphorus
insecticide Dursban (chlorpyrifos) revealed a highly
reduction percentages of the PBW and SBW numbers
infesting the green bolls (El-Dessouki et al., 2006). In
addition, this finding is in agreement with those of Tadros
(2003) who showed that the starting of insecticide sequence
with the organophosphorus compound chlorpyrifos gave
high reduction of SBW infestation.

Using Proclaim” (emamectin benzoate) as an
alternative to the pyrethroid insecticide Coathrin®
(deltamethrin) improved the efficiency of the insecticide
sequence against both insects PBW and SBW (sequence
6). Emamectin benzoate is novel semi-synthetic
derivative of the natural product abamectin from the
avermectin family of 16-membered macrocyclic
lactones. This epi-methyl amino derivative is very
effective against a broad spectrum of lepidopteran pests
with good field efficacy and lack of cross-resistance
with other commercially-used pesticides (White et al.,
1997). The mode of action of emamectin benzoate is
similar to abamectin (a GABA and glutamate-gated
chloride channel agonist) according to Dunbar et al.
(1998). Saleh et al., (2013) mentioned that, emamectin
benzoate achieved high efficacy against PBW and SBW
insects. Gupta et al., (2005) and Sontakke et al., (2007)
reported that, emamectin benzoate was the most potent
treatment in reducing pink bollworm, PBW and SBW.

The least results in controlling PBW and SBW
were achieved when the insecticide sequence was started
by the pyrethroid insecticide deltamethrin or spinosad
(sequences 3 and 4). El-Gogary (1987) and El-Feel et al.
(1990) mentioned that pyrethroids could not able to reduce
the building-up of the PBW population at the early of
season. Results of the present study were in partial
agreement with El-Feel et al. (1993), who recorded that
starting or mediating the insecticide sequence with
pyrethroids depress the efficiency of that sequence.

Finally, to overcome or reduce the incidence of
insecticide resistance, it is important to rotate between
insecticides from different chemical families, particularly if
several insecticide applications are made in a season.

Insecticides in different chemical families generally kill
insects in different ways, whereas insecticides in the same
chemical family often kill insects in the same way. Insects
that survive application of a particular insecticide may be
killed by an insecticide that kills the insect differently. By
selecting products from different chemical families for an
insecticide rotation program, the development of
insecticide resistance may be reduced and increases the life
of insecticides. In general this study pointed out to
minimize repetition of insecticide application in the same
season, furthermore using different insecticide sequences
including fipronil, spinetoram & emamectin benzoate and
looking forward to an integrated pest management to
overcome pest problems.
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